Abstract. In addition to space-and time-resolved measurements of the electrical generation of excited electrons in quantum Hall (QH) devices the dissipation in these devices induced by Terahertz (THz) laser impulses is investigated. For these tasks a THz laser system ( p-Ge-Laser [1]) is applied. This laser uses transitions between Landau levels of light holes and emits laser impulses with an adjustable duration from 300 ns to some µs, tunably in the wavelength range 120µm <  < 180µm. The THz laser radiation is used in order to stimulate charge carriers optically over the Landau-gap. The response of the sample to the laser impulses is in 2D-samples in the QH regime measured in order to receive data of the relaxation of the charge carriers. In this presentation we present photoconduction measurements of the HgTe/HgCdTe-(MCT) -quantum well devices in Hall bar, Corbino as well as combined Corbino-Hall bar geometry in the QH-regime. The materiel system HgTe/HgCdTe is characterized by a small effective mass (compared to GaAs [2], in our case 0.023m 0 ) and accordingly smaller magnetic fields for the appropriate cyclotron energy.
Introduction
Although the THz range of the electromagnetic spectrum bears so far severe difficulties for applications in the material research, medical technology, astro-and atmosphere physics, safety engineering and data communication, this range is little investigated concerning the basical physics. It exists a so-called "Terahertz gap" for frequencies between some hundred GHz (millimeter waves) and THz (submillimeter waves) unite. The upper critical frequency for electronically produced waves is under a THz (e.g. f =712GHz for resonant tunnel diode [4] ) with, the upper border for the wavelength with optical generation with quantum cascade lasers (QCL) against it with for instance 160µm [5] (corresponds to a lower critical frequency of somewhat less than 2THz). The production of QCL is very complex (epitaxy of many layers), in order to make a economical and broad application possible. For the wavelength coverage directly in THz gap are so far only as laboratory solutions present monochromatic generators (e.g. optically pumped molecular gas lasers [6] and electrically pumped germanium lasers [7] like also used for our measurements). Apart from the generation of the THz radiation also the long-distance transmission of the signals and detection are problematic. CO 2 molecules absorb strongly radiation with  ≈ 15µm, and rotation excitations of water absorb clearly at wavelengths of  > 20µm. Thus a transmission in the THz range realizable at justifiable expenditure is limited for the indoor radio nets to distances of about 10m [3] . That is sufficient for a number of conceivable applications. For the receipt of THz or far infrared radiation there are meanwhile various detectors available (e.g. bolometers, photoconductors, Schottky diodes and pyroelectric detectors), also with reasonably high sensitivity. The latter, however, goes along in bolometer detectors usually with rather long response times (low working frequencies) and requires a complex cooling [8] . In semiconductor detectors, the photoconduction effects (e.g. endowed germanium detectors such as Ge: Ga and narrow Gap semiconductors such as InSb or HgCdTe) or charge carrier avalanches (e.g. silicon Hot Electron bolometers (HEB)) use, can respond and response times in the nanosecond range have been observed [8] . However these detectors are only a little tunable (semiconductor detectors) or posses a very wide band concerning the spectral selectivity (bolometers). A possibility of operating QH detectors at clearly smaller magnetic fields offers the material system HgTe/HgCdTe. At 2DEG in HgTe quantum wells the QHE could be observed at magnetic fields as low as 1T. The effective mass of the electrons in this HgTe quantum well is smaller than for GaAs quantum wells (GaAs: m*/m 0 = 0,067). Thus, comparable Landau gaps can be observed at magnetic fields being approximately 1/3 of those needed for GaAs-based samples.
Experimental
The sample and the p-Ge laser with the superconducting magnet for the laser are placed on one holder, which is inserted into the cryostat with a Helium bath. The sample area is surrounded by another superconducting magnet, which consists of two coils. The outer one is wound from NbTi filaments surrounded by stabilization matrix of copper; the inner coil is made from Nb ) Germanium crystal to the magnetic field. In addition, an electric field applied perpendicular to the magnetic field causes a shift of the center of the cyclotron orbits to negative k || -values to the state (0;-E/B). When the holes reach the optical phonon energy ω op (by increasing the magnetic field), holes start to be markedly scattered by these phonons. Therefore, carriers in the outer Landau level interact strongly with optical phonons resulting in a small velocity after the phonon emission. The population of the lower Landau level increases and a population inversion between Landau levels (which is not influenced by carriers scattered by optical phonons) occurs. The emitted photons are amplifyed by the Cu resonator. The output from laser is focused to the sample area.The gain of the system is ~ 0.05cm -1 . The energy range of the laser is 7-11meV (corresponding to wavelengths λ=110-180µm, frequencies f =1.8-2.7 THz or wave numbers ν=60-90cm -1 ). The electrical pumping pulses with voltages around 1.5kV have pulse times ranging from 0.3 to 50 µs. The peak power of emitted laser pulses is about 1W per pulse with a repetition rate of about 1Hz. In this report we present photoconduction measurements of the HgTe/HgCdTe-(MCT) -quantum well structures in Hall bar, Corbino as well as combined Corbino-Hall bar geometry in the QH-regime. The wafers were prepared by Molecular Beam Epitaxy (MBE) technique. Three specific properties of HgTe quantum well (QW) structures have been found in systems with direct gap. The first is the nonparabolicity of the band structure, which causes an increase of the effective electron mass with increasing electron density [9] . Second, the size of the forbidden band depends on the quantum well width. When the HgTe QW is thinner than 6.3nm, the structure behaves as a standard semiconductor. However, for QWs wider than 6.3nm the band structure is inverted and the system becomes a semimetal. And finally, in a semimetallic case, holes exist simultaneously with electrons and form a 2D electron-hole system without any spatial separation of the 2D electons and 2D holes. For the device fabrication, photolithography was used. Here, a light sensitive chemical substance (photoresist) was selectively exposed to light through a patterned glass plate (photomask). The fabrication started by cutting small rectangular pieces from the wafers, followed by a 2-solvent cleaning procedure. After cleaning, the photoresist was spun on the wafer pieces. Then, ultraviolet light was radiated onto the wafers through the mesa-photomask. After developing the photoresist on the samples in a developer solution, the desired mesa patterns were replicated on the samples. By placing the samples in a chemical solution, the mesa patterns were etched. After etching, a similar procedure was applied with the photomask for the ohmic contacts. Then, the contact material was evaporated on the samples. After lift-off and annealing steps the device fabrication was completed. In samples with semiconducting QW properties we cannot resolve photoresponse (PR) signals. In contrast, the QWs with semimetallic properties show a clearly observable PR. In Fig.2 we show the PR of the sample with 10nm and 12nm quantum well width as a function of the magnetic field and the laser energy in a coloured plot. For a Corbino device, the PR follows the line which shows the magnetic field of the cyclotron resonance (CR) as a function of the laser energy. From this we conclude a dominant contribution of the CR to the PR (Fig.2 (a) , d QW = 10nm). A similar plot is shown for a combined Hall bar-Corbino device ( Fig.2 (b) , d QW = 12nm). For the filling factor  = 4, there is a crossing of the calculated dependence of the magnetic fields for the CR as a function of the laser energy and the measured maximum of the PR. Thus, for  = 4 we cannot clearly separate the bolometric from the CR contribution to the PR. In contrast, at  = 6 there is no such crossing as for  = 4. Therefore, here the PR is dominantly bolometric.
